Complete data for density as a function of temperature have been measured for a number of vegetable oils (crambe, rapeseed, corn, soybean, milkweed, coconut, lesquerella), as well as eight fatty acids in the range C9 to C22 at temperatures from above their melting points to ll0°C (230°F}. The specific gravity and density measurements were performed according to American Society for Testing and Materials (ASTM) Density or specific gravity data are important in numerous chemical engineering unit operations in the fatty acid industry. Representative examples include reactors for splitting of fatty acids or conversion of fatty acids to their derivatives, distillation for separation of fatty acids, or for designing storage tanks and process piping. In addition, the pure component data for fatty acids may be used to ascertain mixture property values and to estimate oil density.
Complete data for density as a function of temperature have been measured for a number of vegetable oils (crambe, rapeseed, corn, soybean, milkweed, coconut, lesquerella), as well as eight fatty acids in the range C9 to C22 at temperatures from above their melting points to ll0°C (230°F}. The specific gravity and density measurements were performed according to American Society for Testing and Materials (ASTM) standard test methods D 368, D 891 and D 1298 for hydrometers and a modified ASTM D 369 and D 891 for pycnometers. Correlation constants, based on the experimental data, are presented for calculating the density of fatty acids and vegetable oils in the range of temperature from 24°C {75°F) or the melting point of the substance, to ll0°C (230°F). The constants are valuable for designing or evaluating such chemical process equipment as heat exchangers, reactors, process piping and storage tanks. Estimated density of fatty acids by a modified Rackett equation is also presented.
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Density or specific gravity data are important in numerous chemical engineering unit operations in the fatty acid industry. Representative examples include reactors for splitting of fatty acids or conversion of fatty acids to their derivatives, distillation for separation of fatty acids, or for designing storage tanks and process piping. In addition, the pure component data for fatty acids may be used to ascertain mixture property values and to estimate oil density.
The data were measured by both hydrometer and pycnometer procedures in a single constant-temperature bath. Pycnometer measurements provide the true density of the material and the hydrometer measures specific gravity. Due to the tedious procedure involved in pycnometer measurements, they were used only for some of the data to validate the hydrometer readings over the entire range of temperature This procedure resulted in a correction factor for hydrometer measurements. In all measurements the correction never exceeded 0.2%.
EXPERIMENTAL PROCEDURES
A Precision Scientific (Chicag~ IL) constant-temperature bath with a Micro-set Thermoregulator, in accordance with American Society for Testing and Materials (ASTM) D 445 {1), was used in the procedures for specific gravity and density determinations. This assembly maintains a temperature uniformity of _0.0033°C (_.005°F) throughout the range of 20 to 130°C (68 to 266°F), exceeding the ASTM D 445 (1) requirements. Fisher's Precision Specific Gravity Hydrometers (Fisher Scientific, Pittsburgh, PA), ASTM D 1298 (2) with subdivisions of 0.001, and Fisher thermometers, ASTM D 445 I1), with subdivisions of 0.056°C (0.1°F), were used for specific gravity and temperature readings, respectively. *To whom correspondence should be addressed at Department of Chemical Engineering, 236 Avery Laboratory, University of Nebraska-Lincoln, Lincoln, NE 68588-0126.
A glass cylinder was installed through one of the holes in the bath cover assembly. The sample was placed inside the glass cylinder for hydrometer measurements. The bath temperature was set at the desired temperature and was monitored with a glass thermometer during the experiment. The temperature of the sample inside the glass cylinder was monitored with a second thermometer. At higher temperatures, where a temperature gradient may exist, the bath temperature was increased to maintain the desired temperature inside the cylinder. The specific gravities were determined according to the procedures in ASTM methods D 1298, D 368, and D 891 (2-4).
The pycnometer measurements were performed along with the hydrometer procedures in the same bath. Three 10-mL Fisher pycnometers, in accordance with ASTM D 369 (5), were used in all measurements. Pycnometers were filled with the sample at a temperature below the bath temperature. Heat resistant tubing was slipped over the outside of the pycnometer neck to prevent direct contact between the bath fluid and the capillary opening of the bottle. Figure 1 shows the pycnometer assembly. This assembly was secured to the bath cover and clip and immersed inside the bath. Except for the modifications for the pycnometer assembly, the procedures in the ASTM standard test methods D 891 and D 369 {4,5} were followed for the density determinations. The fatty acid composition and source or manufacturer of each vegetable oil are shown in Table 1. Table 2 shows the purity and the manufacturers of the fatty acids used. The information on the fatty acid composition of vegetable oils and purity of the fatty acids were provided by the manufacturers.
RESULTS
The scale readings for the hydrometer were corrected for the glass expansion by using a glass expansion coefficient of 25 × 10 -6 per °C. The specific gravity data for crambe and milkweed seed oils and for oleic acid were measured with both hydrometers and pycnometers. The hydrometer scale readings were corrected according to the pycnometer measurements. The correction was equal to 0.0025. This correction was uniform and did not depend on temperature or type of oil or acid used. This correction was then applied to the rest of the samples, for which only the hydrometer measurements were performe& Densities were calculated by multiplying the specific gravities by water density {0.99904 g/mL) at 15.5°C (60.0°F}. This is the calibration temperature of the hydrometers. The results are tabulated in Tables 3 and 4 . Available literature values {6,7} at 25°C (77°F) are presented for comparison.
A linear correlation was fitted to the experimental data. The linear coefficients are tabulated in Tables 5 and 6 . The percent mean deviations from experimental measurements are also included. As expected, the deviations found were small. The mean deviation was less than 0.07% for all data. Figures 2 and 3 show the experimental and linear predictions for vegetable oils (lesquerella, milkweed, crambe} and for saturated fatty acids (nonanoic, capric, lauric, myristic, palmitic, stearic), respectively. Lines show the linear correlations compared to the experimental points.
The difference between successive test results by the same apparatus under constant operating conditions on identical test material never exceeded 0.0005 for hydrometer scale readings and 0.003 for pycnometer measurements. These are within the sensitivity limits imposed by ASTM test methods D 1298 and D 369 {2,5}, respectively. Random examination of results for other samples, for which hydrometer measurements were principally performed, confirmed the correction applied to the scale readings. Corrected data were also within the repeatability specifications given by the ASTM methods, thus justifying the application of the correction factor for the hydrometer measurements.
The modified Rackett equation (8) Pc ZRA T c and Pc are the critical temperature and pressure, respectively; ~ is the density; Tr is the reduced temperature (Tr = T/To}; R is the universal gas constant; MW is the molecular weight; and ZRA is the Rackett parameter, a correlating parameter unique to each compound. Critical properties for the fatty acids mentioned in this work are shown in Table 7 . A more complete listing of fatty acid critical properties was found in earlier works (Halvorsen, J.D., W.C. Mammel, Jr. and L. Davis Clements, unpublished data}.
